The spread of bacterial antibiotic resistance across human and environmental habitats is a global 25 public health challenge. Wastewater has been implicated as a major source of antibiotic 26 resistance in the environment, as it carries resistant bacteria and resistance genes from humans 27 into natural ecosystems. However, different wastewater environments and antibiotic resistance 28 genes in wastewater do not all present the same level of risk to human health. In this study, we 29 investigate the public health relevance of antibiotic resistance found in wastewater by combining 30 metagenomic sequencing with risk prioritization of resistance genes, analyzing samples across 31 urban sewage system environments in multiple countries. We find that many of the resistance 32 genes commonly found in wastewater are not readily present in humans. Ranking antibiotic 33 resistance genes based on their potential pathogenicity and mobility reveals that most of the 34 resistance genes in wastewater are not clinically relevant. Additionally, we show that residential 35 wastewater resistomes pose greater risk to human health than those in wastewater treatment plant 36 samples, and that residential wastewater can be as risky as hospital effluent. Across countries, 37 differences in antibiotic resistance in residential wastewater can, in some cases, reflect 38 differences in antibiotic drug consumption. Finally, we find that the flow of antibiotic resistance 39 genes is influenced by geographical distance and environmental selection. Taken together, we 40 demonstrate how different analytical approaches can provide greater insights into the public 41 health relevance of antibiotic resistance in wastewater.
(>50%) that were not part of the core set, with many of these genes conferring multidrug or beta-152 lactam resistance ( Figure S1 ).
154
However, not all of the core wastewater genes are found in human feces, suggesting that many of 155 the ARGs measured in wastewater may not be directly relevant to human health. Individual fecal 156 samples only carried approximately half of the 42 core wastewater genes at a time (median = 22 157 and 18 genes for South Korean and US samples, respectively; Figure 1C ). Few core wastewater 158 genes were ubiquitously present in human feces, as only a fifth to a third of the core wastewater 159 genes were found in more than 90% of individuals (14 genes in more than 90% of South Korean 160 fecal samples; 9 in US feces). In fact, 10 of the 42 core genes were not observed in any human 161 fecal sample, suggesting that they are of environmental origin ( Figure 1C ). Since the transfer of 162 genes from environmental bacteria to human pathogens is less frequent than between human-163 associated bacteria (Bengtsson-Palme and Larsson, 2015), these 10 core genes likely do not pose 164 an immediate threat to human health. Therefore, not all ARGs identified in wastewater are likely 165 to have equal relevance to human health. Some may reflect genes carried by most humans while 166 others are likely to be derived from the environment. To better understand how the presence of ARGs in residential wastewater relates to human 171 health risks, we categorized genes based on their potential pathogenicity. We used the method which have been previously observed on plasmids and in a phylogenetically diverse range of 176 hosts, including human pathogens. We therefore refer to the variants in these two ranks as Most of the ARGs found in wastewater and humans are not clinically-relevant, and the majority 181 of the core wastewater genes are also not clinically-relevant. We found that clinically-relevant 182 variants make up less than 50% of the total antibiotic resistance gene abundance in all of the 183 wastewater and human samples we surveyed (Figure 2 , S2). These results also held when we looked at the top three ranks, which represents all mobile ARGs ( Figure S3 ). Among the 42 core 185 wastewater genes, clinically-relevant variants were found for only 11 of the core wastewater 186 genes and represented less than 15% of the total ARG abundance in residential wastewater Although hospital effluent has more overall ARGs and is traditionally thought of as a unique 213 hotspot for environmental antibiotic resistance, we found that residential wastewater can harbor 
Antibiotic resistance patterns across countries can reflect human activity 227
To assess whether ARGs in residential wastewater reflect population-level antibiotic 228 consumption, we compared the abundance of antibiotic resistance genes with available consumption data from the IQVIA MIDAS database (Klein et al., 2018). We limited our analysis 230 to South Korea and the US, where consumption data included both hospital and non-hospital use.
232
For certain antibiotic classes, resistance across countries reflects antibiotic consumption patterns.
233
Consumption of aminoglycoside and beta-lactam antibiotics is higher in South Korea than the 234 US, as reflected by the median abundance of resistance genes to these antibiotics in the locations within a city were as similar to each other as those found in consecutive samples taken 288 from one manhole. As expected, genes were more dissimilar across countries, suggesting that 289 there exists barriers to the distribution of ARGs across larger geographic distances (median F ST = 290 0.14 across country versus median F ST = 0.08 within country; P < 0.01, PERMANOVA; Figure   291 4B). To understand how the composition of these genes differ across catchment sites and across 292 geography, we evaluated the beta diversity of these 35 genes between samples. Similar to the 293 results for the overall resistome composition, beta diversity was highest between countries and 294 was higher between different catchments in the same city than within the same catchment 295 ( Figure S5 ). Taken together, these results suggest that while individual manhole environments 296 play a role in selecting for abundances of genes, specific gene variants themselves likely have 297 few barriers to distribution at smaller geographical scales.
299

Conclusion
301
Urban sewage systems play a major role in the dissemination of antibiotic resistance from 302 humans to the environment. In this study, we evaluated the presence of antibiotic resistance 303 genes across wastewater environments, assessing their relevance and risk to human health and 304 identifying patterns across geography. We sampled upstream residential wastewater, an 305 understudied part of the sewage system that is close to the human waste sources, across multiple 306 countries and compared it with other wastewater environments to highlight challenges in the 307 evaluation of antibiotic resistance in wastewater. We found that a substantial proportion of the 308 antibiotic resistance genes commonly found in wastewater are not present in human feces and do 309 not pose an immediate threat to human health, suggesting that evaluating an environment's risk 310 to human health should not rely solely on measuring the presence of resistance genes. While 311
